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SIHU’LATIC7OF LOFT MTICIPATED-TRANSIENT
EXPERIMENTSL6-1, L6-2, MD L6-3 USING T’RAC-PFl/HODl’

by

H. S. 9ahota
Saf@ty Cod. Doval.opmont Gtoup

Bnorg} Diviuion
Los A18mo~ National Laboratory

Los Almmos, NH 87545

A~STRACT

Anticipated-trancicnt ●xpcrimonts L6-1, L6-2, ●nd L6-3,
performed ●t the Lots-of-Fluid Test (LOFT) facility, are
●nalyz~d using tho latoct raleasod version of tha Transient
R~actor Anslyois Cod. (TMC-PFl/HODl). T’h resulto ●rc used
to ●ssess TRAC-PFl/MODl trip ●nd control capabilities, ●nd
prodictione of th~rmal-hydraulic phonomona during slow
transient.. Tcmt L6-1 simulated ● loss-of-ataam load in ●

lsrga prossurizod-vator reactor (PUR), and was initiated by
closlng the main ●ta~flow control valvo (NSFCV) ●t it.
maximum ratt, which rsducod tho heat ramoval from tha
socondsry-coolant system ●nd Incroasod tha primary-coolant
symtm pr~osuro that i.nitiatod ● reactor scram. ‘last L6-2
simulat~d ● loos-of-primary coolant flow in ● lar~o FUR, ●nd
was Initiatad by tripping tha powr to tha pri:~”v_coolant
pumps (PCPa) allowing tha pumps to coast down. Tho roducod
primary-coolant flow caused ● raaetor -cram. Test L6-3
aimulatod ●n ●xcuoaiva-load incroaco incident in ● largo PUR,
●nd was Initiated by oponing tha M’JFCVSt its ●aximum rsto,
which Incraasod tha host rgmoval from tha saconda?y-coolant
system ●nd docraasod tho primar~coolant syotm prcsmrc that
initiated ● raactor ●cram. Tho TRAC calculation ●ccurately
predict root tast ●vents. Tht t~ot datt ●nd the calculated
rosultt for ●ot par8mctars of Intarcst ●lso ●grao well.

●Thim work us. funded by tha US ?luclosr Regulatory Comi~8ion, Offic@ of
Nuclear Uqulatory RJS*6rCh, Divition of Accidmt Evaluation,
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1. INTRODUCTION

TIM latest roloasod varsion of tha Trafisiont iiaactor Analysis Code,

TMC-PFl/HODl (Ref. 1), i- ●n advanced bsst-ostimato s~stams codo for ●nalyzing

postulatd sccidonts, ●ntieipatmd ●nd operational transients, ●nd balance-of-

plmnt calculations in protsurlzod-w~tcr rcsctors (PURS) ●nd In ● wide variety

of thomml-hydraulic test facilitio~.

Saveral •xparimon~- havm boon conductsd in ths Los--of-Fluid Toot (LOFT)

facility to flflv-tigate tho thamal-hydraulic phonomana rosulcing from

●nticip8t4d transionto in non-loss-of-coolant ●ccidants (non-LOCAs) in which a

raactor scram may or My not occur. Tho LOFT initial coalitions closely

●pprsximacod tho~a in ● typical full-sizsd ca=~rcial Pm. Tho data from

Toots L4-1, L6-2, ●nd L6-3 (Ref. 2) ●ro uood to ●tcaao TRAC-PF1lHOD1 ●nalytical

capmbilici~a.

Tests L6-1, L6-2, ●nd L6-3 aimulatad losm-of-staam load, lo88-of-forcad

:oolant flow, ●nd ●xcooaivo-!oad incroasa, r~spectivoly, in a larga Pm. Our

sosossmant ●odelad a complicated systam using ●t Ioast ona of ●vary type of

~Q-PFl/HODl componant ●odulot ●xccpt for ● turbine, ●n ●ccumulator, and a

thrtia-iimonsicud VQSSQ1. Many compononto uara incarconncctod in ●arios ●nd!or

parallaL branchas. Thus, th~ ●bility of TR.C-PFL/MODl to handle oynorgi~tic

●nd ●ystams effoctt in ● complicated ●yctom duriuu a slow ●nticipated cransionc

wu ammosod. Tha ●bility to predict control ●cclonm for thooo trmsiants was

of aptcific Intaraeto

11. LOFT LYSTEll DESCRIPTION

Tho LOFT facility it ● 5(HW (thermal) PUR with Instrumantacion to

●aaaura ●nd co provida dmta on the symtam thaxmal-hydraulic condiciono. xc-

op4ration i- typical ot ● largo [-lWO-~ (alactric)] c-orcial PUR oporation.

TIM f9cility coneiaga of 8 xaccor vestal with ● nuclear cora; ●n intact loop

with ●n ●cttva otmm ganarator, proaaurisor, ●id two primary-coolant pumps

(?CPa) coumctod in pmrlhl; ● brokon loop with oimulatod puDp, aimulacod

ctoam 8onorator. ●nd two quick-oponin~ blowdon valvo ●smamblios; ● blowdon

tiuppruaion o~otm; mnd ●n ●mor~ancy corrcoolsnc (lCC) inj~ction oystam that

includas two lcwprowm injootion-aystam (LPIS) ~umps, two hi~h-praosura
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Injection-system (HPIS) ppc, ●nd two ●ccumulators. Soferonco 3 contain.

●dditional details on tho LOFT sptcm.

111. ‘TEST DESCRIPTION

Exprimont L6-1 simulated ● lose-of-cto~ load in ● Imso PUll, md was

initiated by closing tho main .taam_flow control valvo (IIISFCV) ●t its ●sximum

rat. (5% stare movoment por ●ocond) from its initial tt~ady-tcata opan pesition.

The pressurizer cycling hmtars woro turned on when tho ●xForiaont began, but

were turnad off ●t 6.1 s bocauso th~ primary prossuro Incrmsod. Th~ ~ystam

prossuro continual to Incroaso bccausa tho awondary-sido heat rgmoval

capability W8S impaired. Tha p~~ssurizor spray US- initiat.d ●t 9.1 s to

roduco the primary-coolant tystam (PCS) prosouro, and contirwd until 30.4 s.

Tho PCS prassura continuod to rise, initiati~g ● raactor scram ut 21.8 s.

Itrmediataly ●fter tho reactor scram, the primary systam ●tartod to

dbpr~~surizo. Tho 14SFCV ●utoaatlcally bo~an ta open ●t 22.2 ● to roduca tha

stcs~gmora’or eocondary-sido praasura, ●nd closod at &O.6 o. Low ●ycttm

prosauro turntd on tha prossurizor backup hsatarc ●t 3205 s. Tho MSFCV●gain

opmmd ●nd cloaad ●utomatically ●t 91.2 s ●nd 104.4 s, rospectivoly, ●nd

manually was oponod ●nd closad otarting ●t 312.6 ., Tho prtoaurizar backup

hoatcr~ turned off ●t 415.4 s. Tho ●xparimont was trrminat~d ●t 700 s.

Exporimant L6-2 olmulatcd ● loss-of-forcod coolant flow in s larsc PWR.

Tho ●xporimcnt us. initiatad by tripping power to tha PCPS, ●llowing tha pumpc

to coast down. At 2.0 s aftar tast initiation, low primar~coolant flow caucod

tho plant protection aystam to initiate ● raactor scram. TtM ?MFCV otartad to

C1OOO●t 1.8 0, ●nd wu clomd complataly at 13,4 S, Tha prot.urisor backup

homtora turn~d on ●t 6.0 s to modcrat~ tha primary-sido proscurc d~crcaat, ●nd

remained on until 97.2 s. Natural circulation was establlohod ●t -23 0, ●nd,

+ s lt.or, tha combinod host frm tho cora ●nd tho prtrsurisar hoattrc

●xcoodod tha heat 1000 to tha steam Sanorator and to the anvironmant-

Tlwoforo, tho primry_ayatm proscuro bqan to recovor. Tho tyocoa proosurc

and tho p:~ssurisar liquid 10WO1 roturnod to th~ir oporati~ rmgas bofor~

200 0. T’ha oporator. mnuall~ raocartcd tho PCPS ●t 204.2 a to initiat~ plant

rocovaryt .
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Expriaant L6-3 simulatad an ●xcoasiva-load incroamo in ● lsr~a PUR, ●nd

waa initiated by o~ning tttc !4!3FCV●t its ●aximum rats fr- lcs initial staady-

Stata opm position, Tha syotam proasuro etartod ko drop ● the valvo opanod

●nd tho prceourizor backup hoators turnad on mt 10.2 a. Tho core powor

incraamad initially bocauoc of incraamod socotidary-sida host removal, ●nd

reached ● maximum 42.2 MU ●t 15.6 s vhon ● low syctem-prassuro signal cauecd a

raactor -cr~. I=diatoly ●fter the rcsctor ocram, tho MSFCVstarted to cloee

bccausm incroascd •towgon~rator nmcondary-aida psassure was raquirad. The

primar~eystgm proosuro continuod to docroaao , ●nd ●t 26.4 s the H.PIS b~gsn te

Inject ECC into tho cold 1.s, which halpad to rocovor tha system prassurc. The

cora ●nd prassurisar-hoator ●nt:gy ●xcocdad tho otcarganarator hxat transfer

and ambiant 100SCS ●t -33 a. The HPIS injection, the prassurizor backup

hoataro, ●nd the prasturitor cycling hoata}+s ohut off at -50 s, 105.4 s, ●nd

15409 s, roopoctivaly. Tho oystam proosura raturnod co ita normal operating

waluo boforo 200 s.

ThQ blowdown suppraosion system was not usad in thaoo sxperimants. The

brokon loop wao connactod to tha intact loop thro).zh l-in. warmup Iinos to

pcovant broken-loop ataunation.

Iv ● TUC MODEL

Figures 1, 2, ●n4 3 show the TMC modtl of the LOFT iacility, the staam-

g9norator oocoudar~oida nodin~, ●nd th- ona-dimanaional vossal nodino,

raapactivaly. Although TRAC-PFl/MODl can modsl ● thra~-diaanoional vsmoal, ●ll

VOOOQ1 ●lamants ●re ●odolod with ona-dimonoional camponants to ●oscss their

utility ●nd to aav. computation time in ● O1OW tranaiant when Rha thros-

dimanalonal affacta ●ra in~ignificant. Tha input •od~l concistt of

39 compononto containin~ 144 CO11O ●nd bll junctionop and corresponds to tho

?APT hardwara configuration with the followin~ oxcaptions.

10 Tho prao~urroupprooaion syotom io not modalod bacausa it =ss not

uaod in the ouporimant,

2. Tho HPIS la ropraoontod by ● PILL (cmpon@nt 17). The rcmainin~ ECL

oyoto’m io omittod from tho TUC modal bocauso tho LOFT L-3

cx~rimanto had no ●cctaulator or LPIS injoctiont
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Ono-dimonaional VSOCO1 noding for tho LOFT facility.

Ollikkslkh rtportad tho follow:ng LOFT structural haat 10SSJCI ● 6-kW

host 100C ft~m tho prasouriz~r, a 10-kH host 10SS from tho ●tanm-ganarator

oocondmy ●id., ●nd ● l?4-kw haat lom from tho prima.j syotcm (excluding the

proasurisor). That, host Iosoeo •~ incorporated in tha TRACmod.1. Based on

our ●o~umptiou that tho surrounding ●ir tomparaturo was 305 K, W calculetod

●varqo film coofficianta bsmd on outoidc outisca ●raat of th@ prascurizar,

tho stostanorator ●acondary oida, ●nd tha primary ayston.

Tho raactor pouor im ●od~lcd usirIg point kinatics wi:h ‘activity

foodbacko The deleyod-neutron and dmay-haat concantrationa wara dctmuilnod

from tho stoad~atato core-pcmr hlotorica for tho thraa sxp~rfaontu. Al 1

●utomatic-control coopmmnts, much ●s tho foodusttr-val,vc ●nd MSFCV

oontrelloros pmmmiuor haators, ●l @pray controllcrm, •~ wodol~d utins tha

oxtonoivo TMC-Prl/WDl trip ●d control 10S1C. Twnty-four oIs.M variables,

21 ttlpa, ●nd 29 cowrol block- ●ra roquird to ●odol cho ●mtiro LO?T control

systs. Tablo I listo tho trip mt pointo ntodod to 8odol tho control.. Th.to
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TABLE I

HAJOR TRIP SET POINTS

Parasetar

System low-prosourc ●cram (KPa)

Syetam high-pressure scram (IfPa)

Intact-loop hot-lag high-tcmperatura ●cram (K)

Low primary-coolant mass-flow ●cram (kg/s)

High cora-averaged power scrzm (MU)

Steam-ganorator saconda:y-side low liquid-loval
ccram (a)

Powor-operated raliaf-valva opening (PIPs)

F’ower-oparatad relief-valva closing (MPa)

Prasouriz~r spray turnad on (MPa)

Prassl~rizor spray turnad off (MPa)

Ptossur~zor cycling hcator- turned on (MPa)

P~oosurizar cyclin~ heaters off (KPa)

Praosurizor backup hoatarc turnad on (KPa)

Praosurizor backup haatarc turnad off (KPa)

liPIS turnad on (MPa)

NPIS turned off (HPa)

14SFCVopaning bofora rasctor scram (HP,)

HSFCV closing bofor~ reactor scram (MPa)

?lSFCV upcning after raactor @cram

botw~an O and 75 s (HPa)

botvom 75 ●nd 200 ● (MPa)

botvc~n 200 s ●nd cnd of cranoionc (HPti)

llS’CV closing after reactor scrza

bctuosn O ●dd 75 s (HPa)

botwosn 75 ●nd 200 a (ma)

botwem ?00 a and ●nd of tranclont (ma)

.— .

Sat Point

14.36

15.77

583.3

433.5

51.5

2.0

16.70

16.56

15.24

14.90

14.75

14.93, 14.90, 14.94A

14.62, 14.61, 14.55s

14.80, 14.75, 14.77~

13.297

15.500

5.425, 5.495, 5.395a

5.315, 5.385, 5.285s

6.9900

6.9764

6.9464

6 1500

6.6500

6*6000
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5 the quick-look●at points wma obtained from the best-emtimto prediction,
7roport,6 tho tast data roport,2 ●nd th~ poottost ●nalysis report. Some

disceapancloo in tho .et poiatm littod in thooe sourcos wore resolvod by

dotomining tho ●ctucl tcot condition when tha ●vent. occurrod from the test

data raport.2

v. RESULTS

A. Test L6-1 (Loot-of-Staax Load)

Tabla 11 list- tho initial conditions and specified test parameters for

tha throo tosto. The TRM ctoady-sta’.c calcul~tion closely approximates the

●ctual tomt condition., Tabla 111 lists the main ●vantc during the transient

for th. test ●nd the calculation. The moasurod ●nd calculated times ●gree well

●xcopt for tho prossuriz~r_haator eperation bocausc thara ●re minor differences

botwoon tho maaourad ●nd t% calculated systam praaaures.

TIM TMC calculation was torminatod ●t 700 -. Becsuso moot ●vents of

Intorost occurrad during tho ●arly part of xhe trknsiant, most of the

ccmpsrisono covor the first 250 0 of tha tracelont to maiutair, clsrity in the

figurae. Ml tho calculated parematcrs comparod with tho tact date remained

eonsistontly within tho ●sasuramont uncertainty in the 250-7N’-s time span.

Figuro 4 comparos the calculated ●nd tha moaourad core powors. Because

the calculstod r~actor ●cram occurrod 2.7 s bofora that obaarvmd in the

.Xpriaf)nt (Tabla III), tho calculated ; ~wor decay occurs ●arlior than tha

-ssurad decay. Tho power, thou~h considerably within the dats uncertainty, is

●liShtly ovorprodictod ●fter tha rosctor scram bocsum tha cost curvo 1108

within tho daad-band ~ange of tho dctactor, Thoraforo, tho ●ctual discrepancy,

if ●ny, Uy b~ mu~h smaller than that shown in Fig. 4.

Fi8ura 5 comparms tha TMC-calculated ●nd the mcasurod pr*::tlriza?

pressuroo. ‘TIMcalculation is conoistontly within tho mmsurcmant unc~rtalnty.

At -10 ●, the pr~osurisor spray temporarily roducas the primary-side proseura.

This reduction ie pr.dictad by ttio calculation. Tha roaccor acr~ AICO i~

ualculstad ●t ●pproximtaly the corwct tiaa (-20 s)o Both tlt~ calculation ●nd

th axpb’imant ●ho’ thkt tha roducod prasaura turns off tht prossurizar epray

●t -30 t and that -3 n l~tar tho praaourisar haatoro turn on, Tha proooure

drop ma.’ 100 s corroaponds to the MSFCVoponin6, which wao caused by tha high



TASLR11

INITIAL CONDITIONS

Inxt-koop cold-leg
taperature (K)

Itiect-.omp bet-leg
t~atare (K)

St~enerator aeccndq-
side liquid lewel (m)

St~~rator aecorulary-
side uae flau (kg/s)

Actual

36.9

14.78

Test IA-l

0.63

478.5

552.8

567.5

334

5.37

3.183

20.1

Calculated

36.9a

14.78a

0.638

478.5

a52.8

567.6

344b

5 .39=

3.135d

19.2

Test L6-2
Actual

37.2

14.78

0.65

465.9

553.5

568.5

325

5.44

3.139

20.1

Calculated

37.2a

14.78a

0.65a

465.7

553.3

568.3

335b

5.45=

3.136*

17.8

Actual

36.9

14.07

0.64

479.3

552.6

567.3

334

5.34

3.120

20.7

Test M-3
Calculated

36.9a

L4.87a

o.64~

479.0

552.2

566.8
&
I

344b

5.3+

3.134d

17.7

%Wrolkd to “1.ntaln the desired prhary-coolant us flow during the steady-state calculation.

%etrolled within uxis and minimm values of 5.425 HPa and 5.315 HPa for Test L6-1, 5.495 HPa amd
5.385 t4?a for Test L6-2, and 5.395 HPa ad 5.285 HPa for Test M-3. (See Table 1.)

%ntrolled aa specified according to the expression, liquid level = 2.9464 + 0.30508 times the core power
in W, which gi=ea deslr~ llqwid levels of 3.134 m for Test L6-1, 3.135 ● for Test L6-2, and 3.134 ● fOr
lest M-3, re~pectively. Wuever, the act~l ~iq~~~ level for Test L6-1 did not meet Speciftcaticms.
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TABLEIII

TEST L6-1 SEQUENCEOF EVENTS

Event

MS?CVstarted to close

?resaurizer cycling heaters turned off

Pressurizer spray turned on

Remtor act~ed

14SWV started to open

Preaourizer #prey turned off

Pressurizer cycling heaters turned on

Pressurizer backup heaters turned on

MSFCVstartad to close

HSFCVstarted to open

?ISFCVstarted to close

Pressurizer backup heaters ●urned off

HSFCV starcgd to open

USFCV ●tarttd to close

Preesurizcr backup heaters turned on

Preoourizcr backup hoaterm turned off

Proesu:izer cycllng heaters turned off

Tranaient terminated

Test Time
(8)

2 .Oa

6.1

9.1

21.8

22.2

30.4
31.4

32,5

33.2b

91.2

99.2b

m.- c

312.6

333.2b*d
.- C

415.4

-- c .,

700.0

Calculated Time
(8)

2.0

8.1

10.7

19.1

22.1

32.7

34*4

36.1

33.5

94.0

100.7

288.4

314.4

321.6

328.0

399.8

475.8

700.8

%forence 2 roporcs chat tho valve closing vas initiated ●t 0.0 s. However,
the data chow ●n -2-m time delay boforo ●ny movamont in the valve poeition was
obaervad.

%efareac. 2re~rtm only thetim.s wh.nth. valvc-#as fully cloBed. The times
when tho valve etarttd to cloaa wara ●stimated from the times when the valve
was fully clomd, tho valve-etam position whan tha valvo was open, and the
vdveotom movmmt rate.

%ot obaorvod in the ●xperimant.

% ●otionabla becauoe the valvo would diocharc~ ow.ral timas the mass of steam
●ctuafly obmorved in tho ●xparimont ●nd would reduce the macondary_aide
proaoura drastically &f it had bean open for mch ● long time span.
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Toot L6-1.
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secondary-side’ pressure. TRM corroctly ●nd ●ccurately prodicto ●ll went.. A

olightly higher rate of rrpretsurizatlon in tho calculation between 100 ●nd

250 s probably wss caumd by ● sligh:ly smaller prcosurizer-vapor volume in the

calculation. This Llocropancy wao rosolvad antir~ly in m scnsicivity run in

vhich w. reduced the initial pteceurLzor liquid level (and, hence, increased

the oteam volume) significantly within the aeasurament uncertainty. Figure 6

ohows ● long-term compari~on of the calculated ●nd the measurad oystefo

prossur9c that highlights the ●xcellont syotam_prassure calculation for th~

●ntiro transia,t. Tho prctuure drop near 300 e corr,tponde to the third 14SFCV

opening, ●~d ● amll blip in th~ calculated prossura near 500 s occurred

bocmso the prcmsurizor cycling heaters turned off.

Fjguro 7 comparot tho TMC-calculated ●nd tho messurad secondary-side

p-ossuros. Figuree 8 ●l 9 compsro the !4SFCVmass flow- ●nd the prossur+zer

liquid-level histories, raspectivoly. The calculation ●re consistently ●nd

aigniflcantly within tho moaourmant uncertainty. The ●all discrepancy

Fig. 4.
Long-tom comparison of tha TRAC-calculated ●nd thg maaour~d pr@ssurizar
proasuras for Tast L6-1.
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Comparison of th~ TRAC-calculated ●nd tha ~gaourod prasourizor liquid-leval
hiocories for Test L6-1.

botwaon tho rnoasurad ●nd tho calculated eta- mass flous whan tho MSFW Is

fully cloood in caussd by ●n unknown amount of loakago through the MSFCr.

Howovor, bocauoa tha maasurod flow im within tha dead-band range of tfia

instrum~hcj tho ●ctual discrepancy may be insignificant. WC did f~ot mod-l ●ny

loakaga through tho ?lSFCV for Test L6-1.

Tho Cr~y-1 central-procastorwnit (CIJU) timo rcquirod to ●imulate ● 700-s

●yotem tran~ian: was 228 0 ●t ●n ●vorago 0.78-s tima stap. Thor@for@, the TFUC

T.st L6-1 calculation ran ovar thro~ times factor than raal tima.

B, Toot L6-2 (Loso-of-Forc@d Coolant Fl~

Tht coaparism of tha TIW-calculated nnd the ●ctuml initial condition?

for Toot L6-2 (Tmblo 11) shout good sgrommt. Table IV liots the main tvonti

durin8 tho transient for tha test ●nd tho calculatioti. Tha coda spproximstas

tha taot conditions ●xcapt for tho proosuris@r_haatar oporation bacauso tho

ayocam proaourc 1. ovorprodictod; howovor~ tha calculation is within tha data

uncorthinty. Because tha iultiation time for tha NSFCV clooing may bs



TABL~ IV

TEST L6-2 SEQUENCEOF EVENTS

Event

Pumpm trippmd

Rasctor ●crammed

MSFCVclo#inu initiated

Prsssurizor cycling hoatcro turned on

Prassuricor backup hoataro turnsd G,,

Procsuritor backup haatarc turned off

Prtssurizor cycling hoaccrc turnad off

Coda calculation tominatcd

0.0

2.0
l,aa

.- b

6.0

97,2

-- c

--

-Calculated Tim,
(s)

0.0

3.2

4,5

6.5

10F2

61,2

92.3

200.3d

—— .

%o~tionabl~bccaus~ tha trip that initiatas tho14SFCV closing bocoma. ●ctivo
only ●fter ● reactor scram.

%ot rtportod in Raf. 2. Movovor, ti)a trip act points ●rc such that th, cylina
heaters must turn on bcf~ra tho backup hoat~:s ●nd must turn off ●ftar th~
backup haacaro.

CObsarvod much latar in tho ●xparimant (414.9 a),

‘Th@ ●xpcrimcnt ●ndod ●t 700 0. Howwar, bocauso tho PCPO wora turnad on ●nd
off manually batvoan 200 ●nd 700 ● and bocauoa tho primary ●v,ntc of intar~st
occurred boforo 200 s, the TRAC calculation was totainatad ●t 200 s.

incorract (footnota a in Tablo IV), in tho calculation wo forced tha M8FCVto

ctart closing ●t 4.5 a to set tha currcct stasm-gonorator socondar~sido otcwn

,Stis flow,

Figura 10 comparoo tha moanurad ●nd tha calculated cora powor~. Tho

●tro@m@nt is Sood. Main, bocauac tho maasur~mo~t ia within Chc daad-band

ransa of the dot~ctor, ● diccrcpancy botwoon tha cmleulat~d and tha ●casurod

cors powcra ●fter the reactor scrau may ba much m~a],iar than that shown in

Fis. 10.

Figurao 11 ●nd 12, raspactivoly, show tho prassuritor ●nd ato~-~onorator

aocondary-aido praa.uroo, Altho@ within tha ●ssurcmmt unc~rtainty, tho

prsoouroo ●ro oli8htly worpradictod.
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Comparison of tho TR.AC-calculated ●nd tho maasurod sacondsry-aido prooaur~s for
Toot L6-2.

Figuro 13 comparoa chc calculated ●nd chc masmzrod intact-loop maso

flows. Tho agrcommt ia ●xcollonc. ?i8ura 14 compatco tha toot ●nd tho

calculated ctom~marator aacoadary-aida ataca maas flow,. Tho undarprodictod

mao-flow cc cha start of tho transient 10 coincidental bocauoo tim HSFCI’ was

clooing ●t tho ●nd of th, ccasdy atato. (Tha eontrollor chat oporatco tho

M9FCVmaintaino tho eocouaary_tids prooauro within tho spocificd limit:. Uhan

tho proscura f~ll~ b~low thg lowgr limit, th. v~lv~ starts to clott ●nd doog

net tart to opan until tho up~r oot-poifit prcosurc limit io ●xcaodad.) As

mon:ionad in SQC. “J.A, tho dlocrop~utcy botwt~n tho •oaour~d ●nd tho calculated

mats flowc ●ftar tho ~alvti is fully l:loood 10 caus~d by ●n unknown ●mount of

loakn$o th:ough tha HS?CV.

?isuro 13 shows th~ gxcollont Uracmont b.tw.m tho cclculat~d ●nd tht

●msu:d prooourtmr liquid lovols.
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Comparison of ths T’MC-calculated ●nd tha maaaurod vraaauricur Iiquid-leval
hioiorias for To,t L6-20

Tho calculation took 110 t of CPU time OL ● Crsy-1 computor to .Imulato ●

200-s tranoiont St an ●varago 0.47-s tima stap st a spood 1.8 tires faator Lhan

raal time.

c. Test L6-3 (Excoosivc_Load Incrosati)

Tsblo 11 ●howo chat tha TRAC otasd~otato calculation ●aain cl’~saly

●pproximatao the initial condition, for ?ost L6-3. Tho codo 81s0 cslculstoo

tho main wmnta (Tablo V) WO1l ●xccpt for the prascuritar-hoatcr oparation

lmcsusc of ● dfocrapancy botwom tha •oaour~d ●nd th~ calculated aystcm

pra~muroa naar 50 s. Alto, this proosuro di~crapancy cauooo tho praoouri8@r

opray to turn on momentarily. Tho opray is not &aorvod in tho ●xporiaont.

Pigura 16 compar~a tht calculated ●nd th, ●aaourod cora powarc. Tho

Urommant batwom tht calculation ●nd tha data 10 ●xcollont, with tha incraaaod
Q

core powar prcdictod sccurat~ly. Main, tho diacrepancv botw,on t ha

calculation mnd tha toot data ●fter tho reactor ccrm may ba ●sag8aratod

b~cauaa tho maaauramant 10 within tho d~ad-band rant. of th~ dotastor.
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TABLEV

TEST L6-3 SEQUENCE dF EVENTS

Tarot Tim
Want ~

NIWCV scartod to opon ~ooa

Prossurisor uyclln: haatms tum~d on .- 9

?rommsrissr backup hoacors turnad on 10.2

Reactor scr~d 15.6

HSFCV ●tartd to C1OS9 b17.8

EPIC initiated 26.4

FIPIS ta-inatad 66. 5C

Prossu:ic@r backup hoatero turned off l~5*Lf

Prescurisar cycling hcatars turned off 154.9

Proosurisar sprsy turned on -. d

Prasouritar mpray turned off .- 6

Coda calculation tarminatad --

Calculated Tima
(8)

0.0

7.3

11.9

16.0

16.0

36.6

76.7

53.7

54.7

57,7

59,2

500.0’

%ot ropottad in Ref. 2. Ilowovor, th~ trip BCt polnte ●ro such that the
cycling hoators ●uot corn. on bofors tho backup hoatcrs ●nd mu-t turn off after
the backup ha~tors.

%ho M.WCVshould havo .t.rtod to C1OWOImmadiatoly sCtor L r...tor .cr.u in

rcaponto to tho trip that cmtrols tho vslva opor~tion ●fter tho reactor scram.

cRafaronco 2 ropotto thst thti NPIS pumpIYwars ●hut off -50 s; houavar, tha
r~sidual flow contlnuod until 66,5 s.

%ot oboarv~ in hh. axpmiaont.

%a ●xprimant was complatd ~t 700 e. Howtvor, b~twoan 500 ●nd 700 s, th~
o~ra:oro ●anually cutnad on ●nd off tho prooourizor hoators, ooaotimo~ in
roworco ordor from that dictatad by tholv trip ●ot otatus~s. BOC~USO Of this
oparator intarvontion, tho ●utomstic hoator-control capability in th,~ TMC
wdol oould not b. umd beyond 506 s, Aluo, tho primary ●vonta of intorost
ocourred by 500 . . Thor@foro, tho cod. calculation was tominatcd ●t 500 s
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Comparison of tha ~C-calculated ●nd th~ moaaurod COXQpouors for T@st L6-3.

Figur@ 17 compacts chc ‘llUC-calculated ●nd tho ecaourod prosourizcr

prcosuroo. The calculation is within tho uncortminty of the moasuramnt •xco~t

nmr 50 a vhon tha calculation showo faster ey?tom raprassuri~ation race du~ co

liPIS injection comparod to tho data. A lowcc pcasau~iccr vapor volmo in tht

TRAC ●odal, a higher HPIS flow in tho ~C ●odal, or ● lowor coadonoatlon rata

calculated by TRAC may havt causad tho iastat roprossurisacion. As ● result of

this rapid prcssuro Iacroasa in tha calculation, tho pracourizcr opray eom~o on

at 57,7 @mmantarily in th~ cslculacion, which mddonly raducas the promnurt,

and naar 70 g Ch. calculation ●sain Calla back within tha uncertainty of tha

a~a~~r~~~nt .

?iguro 18 comparas tha atcam-gancrator scccmdary-eido prcssurom, Tha

calculation gmorally is within tho moaauramn~. uncortainry. Iiuwovor, ● lowor

r-proasurisstion L a in tho calculation after -75 s points to ths lower

primary-to-occondary host transf-r.



-22-

r--’”’
. .

}

,.,,-
.,

I
,’

,’

v‘.
++i-

Fig. 17.
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Figuros 19 and 20 Coapate tho TRAC-calculstod and the maamsrcd stem

goneratot secondary-oida foodwator ●nd steaa mass flows, rospectisaly. Both

tlm foadwator and tbo @teGflow controller operations in tha T’MC modol

function ●timfactorily. The qumtitatlvo ●graemcnt also it ●xcollont, ●nd the

calculation ia ●iEniflcmtly within the data uncertainty ●xcept fer the steam

mama flow ●fter the HSFCV ia fully closed becm,me of ●n unknown amount of

leakage thruugh the valve.

?Igure 21 co9pares the TRAC-calculated ●nd the maasusad pressurizer

liquld-level histot’ies. The agreement between the calculation ●nd the data is

good until 70 a, whm the two curves diverge. However, the maximum discrepancy

1s only ●bout twice the magnitude of the data uncertainty. This olower filling

of the presmrizer in the calculation ●gain may have been caused by ● slightly

lower condensation rate in tha prossurizcr during ●n insurse, or by ● slightly

lowor prosaurizcr vaporwolume in tha TMC model compard to the data.

sei’

——

- W-m

o m-mu-w

Fig. 190
Comparison of the TUAC-calculated ●nd ttia measured otoas-generator
oocondary-side faeduster mma flow for Teat L6-3.
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The Cray-1 CPU tiw :squirod to oiaulate ● 500-s cystam transient was

185 s ●t an ●verage 0.?0-s time stop ●t ● speed 2.7 times faster than real

time.

VI. CONCLUSIONS

‘Me TRAC-PFl/HCfil models predict ●ccurately the slow-transient thermal-

hydraulic phenomena during ●nticipated loss-of-steam load, loss-of-primary

coolant flow, ●nd exce-sive-load incraaoa ●ccident~. Most comparison bctwaan

the TR.AC-PFl/PIODl results ●nd :est data are ●xcallent. This conclusion was

baaed on comparitione of tiw primary- ●nd secondary-tide preosuras, tha loop

mass :1OW8, the prossurizar liquid levals, ●nd the stetm-ganerator

secondary-side f~edwater ●nd oteam mass flown. TtN praaaurizar condensation

model under spray condition- works well, ●s observed in the Test L6-1 aystem-

presoure comparison plot (Fig. 5). Tha point-kinctice calculation with

reactivity feadback providao good coro-powar predictions. All major ●vante arc

predicted ●t ●pproximately the corroct cimas ●nd in tha corroct sequence ●xcept

for the following.

1. The prcscurizor heatars in Teat L6-2 turn off too ●arly in tha

calculation bacauae of tha olightly higher ●ystom pr,ssura.

2. Becau@c of a fast.r syst~m roprassurizetion calculated during the HPIS

injection in Test L6-3, tho pruosurizer haatera turn off ●arly ●nd tha

pracsurizcr spray, which la noc obtcrvad in th~ ●xperiment. occurs

mommtarily.

The trip ●nd control logic in TRAC-PFl/140Dl 10 cufficibntly genaral to ●now

modaling of moot ●nticipated or operational tranbfento.
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